We performed an immunoassay evaluation for various analytes on a fully automated random-access analyzer, cortisol, free thyroxine (FT4), and triiodothyronine (T3), tested by magnetic separation competitive immunoassays; and thyroxine (T4), tested with a sequential latex immunoassay.
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Materials and Methods

TECHNICON IMMUNO I SYSTEM
The Immuno 1 system (Bayer Corp., Tarrytown The reaction tray made of acrylic plastic allows 100 tests to be run simultaneously, and the reaction temperature of 37 #{176}C is strictly controlled.
The tray is reusable if the cuvette wash option is used. For the methods evaluated in this study, the time required from sample aspiration to the first sample result is 20 mm forT4 and 38 mm for the other assays with the exception of TSH, with values <0.5 mU/L, which takes 72 mm. The system can perform up to 120 tests per hour.
ASSAY PRINCIPLES
The immunoassays are heterogeneous or homogeneous depending on the analyte. All assays are performed at 37 #{176}C. For each test, two specific reagent containers are provided.
Competitive latex immunoassay. The latex agglutination
assay is homogeneous and is used for T4. In this assay, the first reagent contains an analyte-Ficoll conjugate, with 8-anilino-l-naphthalenesulfonic acid to release the analyte from its binding proteins. The second reagent is a monoclonal antibody linked to engineered latex microparticles.
The binding of the analyte-Ficoll conjugate to the latex particles results in formation of aggregates, which increases the turbidity of the reaction solution. An initial 1 5-mm incubation of the sample with the first reagent is followed by the addition of the second reagent. The analyte in the sample competes with the conjugated analyte for the antibody on the latex particle reagent. The reaction increases the solution turbidity to the concentration of sample analyte. The increasing absorbance produced by the agglutination is measured at 600 nm with eight reading points. The reaction rate is subsequently calculated. 
CALIBRATION AND REAGENTS
All the Immuno 1 reagent boats (Bayer) contain 100-200 tests. The cortisol and T reagents must be reconstituted before use with supplied diluent. The pNPP substrate is diluted before use by mixing the contents of the two prepared bottles.
For each analyte, six concentrations of calibrators (Bayer) are used for the assay calibration. 
SENSITIVITY OF THE TSH ASSAY
The functional sensitivity of the TSH assay was determined by analyzing four serum pools of concentrations from 0.02 to 0.04 mU/L in duplicate for several days. The functional sensitivity was estimated as the lowest concentration giving a CV of 20% [3] [4] [5] [6] [7] .
Results
PRECISION
The results from the precision studies are shown in Table 1 . The within-run CVs ranged from 1.1% to 12.0% and the between-day CVs from 2.2% to 16.2%. The within-run CVs were >4% only for the low-concentration control for cortisol (7.2%), FT4 (7.9%), p-hCG (5.3%), T3 (12.0%), and TSH (6.3%), whereas the between-day CVs were >6% only for the low-concentration control for cortisol (9.0%), ferritin (16.2%), VT4 (11.9%), and T3 (8.0%).
LINEARITY
The regression analyses of the data for the linearity studies were excellent for all analytes, with correlation coefficients from 0.9980 to 0.9999 between expected and observed values ( Table   2 ). The recoveries were between 94.7% and 104.5%. The tests to verify the equality of variance and the lack of fit were made according to the NCCLS protocol EP6-P. All assays passed these tests for dilution studies performed with the low analyte concentration serum and the manufacturer-recommended diluent.
CORRELATION
The statistical parameters of the correlation studies comparing the Immuno 1 system assays with the comparison methods are summarized in Table  3 . The correlation coefficients were excellent except for PSA (r = 0.9 16) and ferritin (r = 0.949), but when the analytical ranges were reduced to 0-20 .tg/L for PSA and 0-400 glL for ferritin, they were higher for both assays (r = 0.989 and 0.993). A proportional error (95% confidence intervals of the slope do not include 1.0) was shown for AFP, cortisol, VT4, FSH, LH, prolactin, T3, and TSH, and a constant error (95% confidence intervals of the intercept do not include zero) for APP, cortisol, VT'4, prolactin, and T4.
FUNCTIONAL SENSITIVITY
The clinically applicable or functional sensitivity for TSH is defined as the lowest value with an interassay CV <20% [3] [4] [5] [6] [7] . The precision was evaluated with pools of serum containing a low concentration of TSH. The CVs were respectively 20.2%, 47.1%, and 60.3% at concentrations of 0.039, 0.020, and 0.0 15 mU/L. The functional sensitivity was then estimated at 0.04 mU/L, corresponding to a second-generation TSH assay.
CARRYOVER
The (3-hCG assay was chosen to estimate the carryover because it is characterized by a large dynamic range and a low sensitivity requirement.
A serum containing 84 160 lU/L j3-hCG was analyzed, followed by five serum samples containing no (3-hCG.
The results show that no p-hCG was detected in those sera, demonstrating an undetectable sample-to-sample carryover on the Immuno 1 system.
Discussion
The within-run and between-day CVs were excellent for all assays, although higher CVs were obtained for the low-concentration control for cortisol (7.2% and 9.0%), FT4 (7.9% and 11.9%), and T3 (12.0% and 8.0%, respectively).
The lowconcentration control for ferritin gave a high between-day CV (16.2%), whereas the within-run CV was excellent (1.4%). The high between-day CV obtained with that low-concentration control is related to a control bottle-to-bottle variability (BioRad Labs., lot 93 000, level 3). This variability was observed in our laboratory with the Immuno 1 Ferritin assay (e.g., withinbottle CV 1.3%, between-bottle CV 9.9% for 12 bottles, each assayed five times within a single run) and our previous ferritin method. The CVs obtained were compared with the analytical goals, defined as CVs equal to or less than half the withinsubject variation for individual single and multipoint testing [12] . The between-day CVs were lower than the analytical goals for all assays except for T4 and the low-concentration control for cortisol (9.0%), VT4 (11.9%), T3 (8.0%), and ferritin (16.2%).
The assay linearity was excellent for all analytes tested, conforming to the criteria defined in the NCCLS protocol EP6-P. The results for FT4, as expected, were not linear, as the dilution of the samples creates a disturbance of the equilibrium state existing in the serum [13] .
The present study involved polyclonal anti-FITC antibodies linked to IMP. These have been subsequently replaced with monoclonal anti-FITC antibody-labeled magnetic particles.
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The only difference observed was for the FSH assay, in which a slope of 1.17 was obtained between both types of particle (mono IMP = 1.17 poly IMP + 0.9, r = 0.997).
The correlations between the Immuno 1 and the comparison methods show proportional and constant errors. The correlation coefficients were excellent, with values >0.96 for all the analytes except ferritin (r = 0.949) and PSA (r = 0.9 16), for which a wider distribution of values is observed in the upper range of the regression curves. The correlation coefficients were respectively 0.993 and 0.989 when values from 0 to 400 g/L and 0 to 20 .tg/L were selected. The comparative studies for TSH, LII, and FSH gave the most important proportional error with slopes of 1.44, 1.74, and 0.80, respectively.
However, when the analytical range was reduced to 0-15 mU/L for TSH, the slope was reduced to 1.17. Also, we observed with the external quality-control program used in our laboratory that our previous LH assay gives much lower results than the most frequently used methods. For the FSH assay, the change from polyclonal to monoclonal anti-FITC antibodies increased the FSH concentrations to values closer to those obtained with the previous method. The Immunocorp PSA assay, compared in this study with the Immuno 1 assay, was previously correlated by our laboratory with the Hybritech Tandem-E PSA assay (Hybritech, San Diego, CA) and showed a slope, an intercept, and a correlation coefficient of, respectively, 0.99, 0.04, and 0.976. The Immuno 1 PSA assay measures both free and complexed PSA forms on an equimolar basis [14] , as does the comparison method and the Hybritech
Tandem-E PSA assay [15, 16] .
The carryover experiment was performed with the (3-hCG assay, which is characterized both by a large dynamic range and a need for a low sensitivity. The results show that no sampleto-sample carryover was detected. The very low carryover is made possible because the sample probe is both rinsed with a wash solution and coated with an oil-based fluid between pipetting.
The functional sensitivity rather than the lower limit of detection was estimated for the TSH assay. The functional sensitivity is defined on the basis of interassay precision characteristics [3] [4] [5] [6] [7] as the lowest value with an interassay CV of 20%.
TSH assays can be classified in terms of first, second, and third generation corresponding to functional sensitivities of 1.0-2.0, 0.1-0.2, and 0.01-0.02 mUlL, respectively [4, 7] . The functional sensitivity obtained, 0.04 mU/L, thus corresponds to a second-generation TSH assay. The minimum detectable concentration (zero calibrator plus 2 SD) claimed by the manufacturer is 0.03 mUlL.
The analytical characteristics, the 2-month calibration, and the on-board reagent stability of all assays contribute to the reliability of the Immuno 1 system. The increased productivity and workflow contribute to the cost-effectiveness of the system.
The system necessitates a short start-up time, being operative within 10 mm. The Immuno 1 system offers high-quality management including a rapid turnaround time, an efficient stat capacity, and bar code use. The daily, weekly, and monthly maintenance is rapid and can be easily introduced in a working day. The automated processing from primary tube to results and the capacity to interface the analyzer to the laboratory computer allow an increased work capacity for one technician and a reduced possibility of errors. The user-friendly computing system provides several features that streamline operations and minimize operator error. The frequent messages indicated by the software orient the operator during the routine work, increasing the workilow. The software offers also an oriented problem analysis process when a technical error is detected, allowing rapid troubleshooting.
Although the Immuno 1 reagents are more expensive than those for RIAs, this is compensated for by the reagent economy related to long-term calibration curve and reagent stability as well as reduced staff time.
In conclusion, the evaluation shows that the Immuno 1 assays have the required precision, linearity, and intermethod correlation for their utilization in a clinical laboratory and offer an automated alternative to RIA.
